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Objectives.Usinga prospective,randomizeddesign,we tested
our hypothesisthat the augmentation of diastolic pressure by
intraaortic balloon counterpulsation(IABP)wouldimprovethe
late pateneyof the occludedcoronaryartery in patientswithearly
failure of thrombolytictherapy.
Background.Rescueangioplastyis oftenperformedin patients
in whomthrombolysishas failed, although 30% to 6070of the
infarct-related arteries that are closed early after thrombolytic
therapywillopenlater with conservativetherapy.
Methods.Thestudyincluded45patients in whomthrombdysis
had failed, despite treatment with intravenoustissue-typeplas-
minogenactivator (alteplase 0.75mgkg bodyweight)delivered
over 60 min within 12 h of the onset of symptoms.All patients
underwentcoronaryangiography60minafter initiationofthrom-
bolytictherapy (baseline),and Thrombdysis in MyocardialIn-
farction (TIMI) grade O, 1 or 2 flow was defined as failed
thrombolysis.The patients wererandomizedto groupsreceiving
IABPfor 48 h (n = 23) or conservativetherapy (n = 22, control
subjects)at the endofcardiaccatheterization.Thelate pateneyof
the infarct-relatedartery, the primaryend point of the study,was
evaluated 3 weeksafter myocardial infarction. Stenosis of the
infarct-related artery was measured using a computer-assisted
quantitative angiographicsystem in blinded manner. Data are
expressedas meanvalue & SEM.
Results.There was no differencewith regard to the baseline
valuefor TIMI flowgrade betweenthe groups.However,3 weeks
after myocardialinfarction,the patients treated with IABPhad a
significantlyhigherfrequencyofTIMIflowgrade3, lowerresidual
percent stenosis and larger minimal lumen diameter of the
infarct-relatedartery than did the controlsubjects (74Y0vs.32%,
p < 0.05;42 &5%vs. 68 & 6%,p < 0.01;and 1,6k 0.1vs. 0.9 &
0.2 mm,p <0.01, respectively),
Conclusions.Thesefindingssuggestthat in patients withearly
failureof thrombolytictherapy,IABPmayimprovelate pateneyof
the occludedcoronaryartery, probablydue to augmentedperfu-
sion pressure.
(Jh COUCardiol1996;28:876-81)
Thebeneficialeffectsof reperfusionwiththrombolytictherapy
are now well establishedin patientswith acute myocardial
infarction;nevertheless,the infarct-relatedarteryremainsoc-
cludedin at least 25Y0of patientstreated with thrombolysis
(l-5). In the patientsinwhomthrombolytictherapyhasfailed
to restoreanterogradecoronarybloodflow,rescueangioplasty
is frequentlyusedto establishthe patencyof the infarctartery
(6-9). However,the clinicalbenefitof this therapyremains
unclearbecauseof the high reocclusionrate and the high
mortalityrate whenit fails(6-9). It is alsoknownthat 3070to
60%of the infarctarteriesthat are closedearlyafter throm-
bolytictherapywill open withinthe time windowin which
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clinicalbenefitmaystillexistandthat theresidualstenosismay
improvelater (the so-calledcatch-upphenomenon)(10,11).
Suchlate reperfusion,mayimprovesurvivalwithoutthe risk
involvedwith invasiveprocedurescoupledwith thrombolytic
therapy.It is reportedthat reperfusionwith tissue-typeplas-
minogenactivator(t-PA)may be bloodpressuredependent
andthatarterialdiastolicpressureaugmentationbyintraaortic
ballooncounterpulsation(IABP)enhancesthrombolysis,lead-
ingto fasterreperfusion(12-14).Usinga prospective,random-
izedstudydesign,we testedour hypothesisthat the augmen-
tation of diastolicpressureby IABPwouldimprovethe late
patencyof the occludedcoronaryarteryin patientswithearly
failureof thrombolytictherapy.
Methods
Study patients. The patientgroupconsistedof 45patients
with acute myocardialinfarctionin whomthrombolysishad
failed.Of296patientswithacutemyocardialinfarctionadmit-
ted to the Osaka MishimaCritical Care Medical Center
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AbbreviationsandAcronyms
aP’lT = activatedpartialthromboplastintime
CK = creatinekinase
CK-MB= creatinekinase,MBfraction
IABP = intraaorticballooncounterprdsation
TIMI = Thrombolysisn MyocardialInfarction
t-PA = tissue-typeplasminogenactivator
betweenDecember1992and October1995,94receivedintra-
venoust-PAwithin12h of the onsetof symptoms.In eachof
them,thepatencyofthe infarct-relatedarterywasevaluatedby
coronaryangiography60minaftertheinitiationofintravenous
t-PA.Forty-five(47.9%)ofthese94patientsshowedpersistent
occlusionor partialreperfusion(Thrombolysisin Myocardial
Infarction[TIMI]flowgradeO,1 or 2), and in thesepatients
thrombolysisfailed (15-18);23 of them were treated with
IABPfor48h, andtheother22patients,whoservedascontrol
subjects,receivedconservativetherapyaccordingto the study
protocol.Rescueangioplastywasnot performedin anyof the
patientsin this study.Acutemyocardialinfarctionwas diag-
nosedby the presenceof chestpain suggestiveof myocardial
ischemialasting>30 min and at least0.1mV of ST segment
elevationin at least two contiguousleadsdespitetreatment
withnitrates.The diagnosiswasconfirmedbythe documenta-
tionof elevationof cardiacenzymes.The exclusioncriteriaof
thisprotocolwere cardiogenicshock(systolicbloodpressure
<80 mmHg unresponsiveto fluidsandvasopressors),uncon-
trolledhypertension(>180/110mmHg),priorcerebrovascular
accident,evidenceof recentor activebleedingor a historyof
myocardialinfarction.Patientswithperipheralvasculardisease
(definedasdiminishedfemoralpulsesandabsentpedalpulses)
werealsoexcludedfromthisstudy.
Study protocol. After written informedconsentwas ob-
tained, patientswith acute myocardialinfarctionwho were
found to satisfythe eligibilitycriteria receivedintravenous
t-PA (alteplase),at a total dose of 0.75mgkg bodyweight,
over 60 min with 10%givenas a bolus.The patientswere
transferredto the cardiaccatheterizationlaboratory,where
corona~ angiographywasperformedto evaluatethe infarct-
relatedartery.Arterialaccesswasobtainedthroughthe fem-
oral route, and heparin(5,000U) wasadministeredimmedi-
atelyafter accesswasestablished.The patencyof the infarct
arterywasevaluated60minafterthe initiationof intravenous
t-PA. The flow pattern of the infarct artery was graded
accordingto theTIMIclassification(19,20),andTIMIgradeO,
1or 2 flowwasdefinedasfailedthrombolysis(15-18).Patients
wererandomizedto theIABPorconservativetherapygroupat
the end of cardiac catheterizationusing a predetermined
randomizationlistalongwithsealedenvelopes.In thepatients
assignedto IABPgroup,the pump(9.5F)wasinsertedpercu-
taneouslythroughthe samefemoralarterythroughwhichthe
cardiac catheterizationwas performed.Intraaorticballoon
counterpulsationwascontinuedfor 48 h at a rate of 1:1,and
the patientswere graduallyweanedfromthe pumpoverthe
last12h beforeremoval.Intraaorticballooncounterpulsation
wasstoppedearlierin theeventofa complicationsuchas limb
ischemiaor hemorrhageat the accesssite.Adjuncttherapy
includeddailyaspirin(81mg)andintravenousheparin(begun
witha 5,000-Ubolusduringcardiaccatheterizationandmain-
tainedwithan infusionof 1,000U/h),adjustedas requiredto
keep the activatedpartial thromboplastintime (aPTT) at
approximatelytwicetheupperlimitofnormalforat least72h.
Other medicationssuchas nitrates,beta-adrenergicblocking
agents, angiotensin-convertingenzymeinhibitors,analgesic
agentsand antiarrhythmicagentswere administeredat the
discretionof the attendingphysician.The late patencyof the
infarctartery,theprimaryendpointofthestudyandtheglobal
leftventricularfunctionwereevaluatedin allpatientsinwhom
thrombolysishad failed3 weeksafter myocardialinfarction.
Clinicalmorbidityand mortalitywere assessedduring30-day
follow-upperiods. The stenosisof the infarct artery was
measuredwitha computer-assistedquantitativeangiographic
system(HeartDatabaseSystem,Baxter,Tokyo)(21),and left
ventricularend-diastolicvolume,left ventricularend-systolic
volumeand left ventricularejectionfractionwere measured
using left ventriculography(singleplane in right anterior
obliqueprojection)with an area-lengthmethod (22). The
segmentalwall motionof the left ventriclewas quantitated
usingthe centerlinemethod (23). All cineangiogramswere
evaluatedby a singleexperiencedcardiologistwho had no
knowledgeof the patients’characteristics.The protocolof the
studywasapprovedby the InstitutionalReviewBoardof the
Osaka MishimaCriticalCare MedicalCenter, and written
informedconsentwasobtainedfromallpatientsor theirfamily
membersafter the purposeof the treatmentwas fullyex-
plained.
Cardiac enxyme measurements. Serum creatine kinase
(CK)and its cardiacisoenzyme(CK-MB)were measuredat
admissionand every4 h after admissionfor 24 h. The values
for peak enzymeactivityand time to peak activitywere
determinedforindividualpatients.Thenormalrangeof CKin
our hospitalis21to 232U/liter,and that of CK-MBisOto 10
U/liter.
Evaluation of clinical outcomes. Recurrent ischemia was
defined as symptoms compatible with myocardial ischemia
lasting >20 min associated with new ST segment or T wave
changes on the electrocardiogram. Cardiac enzymes were
obtained whenever a clinicalevent occurred, suggestingsevere
recurrent ischemia, and reinfarction was diagnosed when a
second elevation in cardiac enzymes occurred. Congestive
heart failure was recorded when one or more of the following
events were documented: pulmona~ edema depicted on the
chest radiograph, rales more extensive than bibasilar or re-
quirement for inotropic support.
Statistical analysis. Comparisons between the patients
treated with IABPand the controlsubjectswere madeusing
the unpairedStudentttest to comparecontinuousvariables
and the chi-squaretest to comparenominaldata.All testsof
significancewere two-tailed,and p < 0.05 was considered
significant.Data are expressedas meanvaluet SEM.
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Table1. ClinicalCharacteristicsof PatientsTreatedWith
IntraaorticCounterpulsationandof ControlSubiects
IABP Control
Group Group P
(n= 23) (n= 22) Vahre*
Age(yr)
Male/female(no.)
Timeto thrombolysis(h)
Infarct-relatedartery(no.)
LAD
LCX
RCA
Multivesseldisease
Collateralchannels
Coronaryriskfactors
Smoking
Hypertension
DM
Hyperlipidemia
18
2
3
8(35)
3 (13)
20(87)
10(43)
6 (26)
7 (30)
60~ 2
16/6
2.3t 0.2
13
4
5
7(32)
2 (9)
15(68)
13(59)
6 (27)
6 (27)
0.14
0.41
0.47
0.38
Loo
1.00
0.25
0.45
1.00
1.00
*P= NSfor all comparisons.unlessotherwiseindicated,data shownare
meanvalue* SEMornumber(%)ofpatients.DM= diabetesmellitus;L4BP=
intraaorticcounterpulsation;LAD= left anteriordescendingcoronaryartery;
LCX= leftcircumflexcoronaryartery;RCA= rightcoronaryartery.
Results
The basiccharacteristicsof the patientstreatedwithIMP
werewellmatchedto thoseof the controlsubjects(Table1).
Therewereno differencesbetweenthe twogroupswithregard
to age,gender,timefromonsetof symptomsto initiationof
thrombolysis,infarct-relatedartery, incidenceof multivessel
disease,presenceof collateralchannelsor coronaryrisk fac-
tors. Intraaortic balloon counterpulsationwas terminated
Figure1. Thrombolysisn MyocardialInfarction(TIMI)flowgrades,
percentstenosisand minimallumendiameterof the infarct-related
arteryin patientstreatedwithaorticcounterprrlsationandin control
subjects.There was no ditlerencewith regardto TIMI flowgrade
betweenpatients treated with intraaorticballooncounterpulsation
(IABP)and controlsubjectsat baseline.However,patientstreated
with intraaorticballooncounterpulsationhad a significantlyhigher
frequencyof TIMIflowgrade3, lowerresidualpercentstenosisand
larger minimallumen diameterof the infarct artery than control
subjects3 weeks (3W) after myocardialinfarction(MI). IRA =
infarct-relatedartery.Data are expressedas meanvafuet SEM.
TIMIO I 2 3TIMI O 1 2 3
BASELINE 3WPOSTMl
Table2. GlobalLeftVentricularFunctionand RegionalWall
Motion3 WeeksAfterMyocardialInfarctionin PatientsTreated
WithIntraaorticCounterpulsationandin ControlSubjects
IABP Control
Group Group
(n= 23) (n= 22) p Value
LVEDVI(ml/mz) 57~ 5 60? 5 0.68
LVESVI(ml/mz) 30~ 3 31* 3 0.78
LVEF(%) 5(J* 3 49~ 2 0.83
LVEDP(mmHg) 13~ 1 17~ 2 <0.05
LAD –2.31~ 0.20 -2.30 t 0.31 0.96
RCAILCX –1.31t 0.56 –1.20* 0.22 0.85
Data are expressedas meanvalue ~ SEM.IABP= intraaorticballoon
counterpulsation;LAD= leftanteriordescendingcoronaryartery;LCX= left
circumflexcoronaryartery;LVEDP= Ieflventricularend-diastolicpressure;
LVEDVI= leftventricularend-diastolicvolumeindex;LVEF= Ieftventricular
ejectionfraction;LVESVI= leftventricularend-systolicvolumeinde~RCA=
rightcoronaryartery.
within24 h in one patient (4.296)becauseof hemorrhagic
complicationsat the puncturesite. There was no difference
withregardto thebaselinevaluesforTIMIflowgradebetween
the groups,as shownin Figure 1. However,3 weeks after
myocardialinfarction,the patientstreated with IABP had a
significantlyhigher frequencyof TIMI grade 3 flow,lower
residualpercentstenosisand largerminimallumendiameter
of the infarctarterycomparedwithcontrolsubjects(74%vs.
32%,p < 0.05;42 &5%vs.68 ? 6%,p < 0.01;and 1.6? 0.1
vs.0.9 t 0.2mm,p <0.01, respectively).The leftventricular
end-diastolicvolumeindex,leftventricularend-systolicvolume
indexandleftventricularejectionfractionwerenotdifferentin
the twopatientgroupsat 3 weeksafter myocardialinfarction
(Table2).However,the Ieftventricularend-diastolicpressure
wassignificantlylowerin patientstreated withIABPthan in
control subjects.The regionalwall motion of the infarct
segmentat this timewasnot differentin the twogroupswith
the occlusionof either the left anteriordescendingcoronary
arteryor the rightcoronaryarteryfleftcircumflexartery(Table
2).The peak CKwasnot differentin the twogroups,but the
timetopeakCKinpatientstreatedwithIABPwassignificantly
shorterthan that in controlsubjects(Table3).Therewereno
differencesbetweenthe two groupswith regard to the inci-
denceofrecurrentischemia,ventriculartachycardiaorventric-
pcilol
IABP CONTROL
~ pco.ol ,
T
IABP
T
CONTROL
.- ——
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Table3. ClinicalOutcomesin PatientsTreatedWithIntraaortic
BalloonCounterpukationandin ControlSubjects
L4BP Control
Group Group
(n= 23) (n= 22) p Value
PeakCK(lJ/liter)
Timeto peakCK(h)
30-daymorbidityandmortality
Recurrentischemia
CHF
VTor VF
Death
PTCA
CABG
Stroke
5,910* 770
12? 1
1(4)
2 (9)
4 (17)
o (o)
7(30)
1(4)
o (o)
4,520f 630 0,19
1522 <0.05
3(14) 0.57
6(27) 0,21
3(14) 1.00
0(o)
10(45) 0,46
1(5) 1.00
0(o)
Data are expressedas meanvalue t SEMor number(%) of patients.
CABG= coronaryarterybypassgraftingCHF= congestiveheartfailure;CK=
creatinekinase;IABP= intraaorticballooncounterpulsation;PTCA= percu-
taneoustransluminalcoronaryangioplasty;VF = ventricularfibrillation;VT=
ventriculartachycardia.
ular fibrillation,or both, or death;performanceof coronary
artery bypassgrafting;or incidenceof strokeduring30-day
follow-upperiods(Table3), althoughcongestiveheart failure
and coronaryangioplastytended to be less frequentin the
patientstreated with IABP.The two groupsshowedsimilar
incidence of majorhemorrhagiccomplications,with similar
incidence of bloodtransfusionsand numbersof unitstrans-
fused(Table4).Vascularaccesshemorrhageaccountedfor all
casesof hemorrhagiccomplications.No patient in the study
had aortic dissectionor retroperitonealhemorrhageor re-
quiredamputationof part of a limb.Therewerefewvascular
complicationsoverall,withstatisticallyinsignificantdifferences
betweenthe twogroups.
Discussion
Among the patients with early failure of thrombolytic
therapy,those treatedwith IABPshowedgreaterpatencyof
the infarct-relatedarterywithmilderresidualstenosisthandid
thecontrolsubjectsat3weeksaftermyocardialinfarction.This
findingsuggeststhat IABP,mayimprovethe late patencyof
the occludedcoronaryarteryin patientswithearlyfailureof
thrombolytictherapyprobablydue to augmentedperfusion
pressure,
Patency of the infarct-related artery. Studies of the patho-
physiologyof acute myocardial infarction have demonstrated
that a thrombus over a ruptured atheroma is a principal
mechanism of acute myocardial infarction (24). Reperfusion
within 1.5 h may allowfor marked recovery of left ventricular
function (5); however,reperfusion after 6 h does not generally
result in marked recoveryof systolicfunction (l-5). Neverthe-
less, a paradoxical relation between improved in-hospital sur-
vival and lack of improvement in left ventricular function has
been noted, and the patency of the infarct-related artery has
been suggested to be a major determinant of early and late
survival(25-27). An increasingnumber of studies suggest that
achieving infarct artery patency may favorably influence left
ventricular remodeling and life-threatening arrhythmias, even
when patency is established at a time when salvageof ischemic
myocardium is unlikely (28-33). Furthermore, infarct artery
patency maybecome important as a source of collateral vessels
when the contralateral coronary artery becomes jeopardized
(30,31).
Role of rescue angioplasty.Early infarct-relatedartery
patencyis establishedin 50%to 85%of patientswiththrom-
bolytictherapy,dependingon the agentthat isusedto achieve
thrombolysis(l-5). Thrombolysisin MyocardialInfarction
trial flowgradesOand 1 havebeen designatedas perfusion
failure,andflowgrades2 and3 havetraditionallybeenviewed
as indicativeof reperfusionsuccess.However,recent investi-
gators have proved that patients with TIMI flow grade 3
showedsignificantlybetteroutcomesthandidthosewithlower
gradesof flow(14-17).Therefore,TIMIgradeO,1 or 2 flow
wasdefinedas failedthrombolysisin the presentstudy.In the
patientsin whomthrombolytictherapyhad failedto restore
anterogradecoronaryflow,rescue angioplastyis frequently
used to establishinfarct artery patency.It is reported that
rescueangioplastyappearsto be usefulin the preventionof
death or severeheart failure,with improvementof exercise
(34).However,the clinicalbenefitof rescue angioplastyre-
mainsunclear.First,rescueangioplastyrequiresa veryexpe-
riencedphysician,whomaynot alwaysbe availableon a 24-h
basis.Second,rescueangioplastyisineffectiveinreestablishing
anterogradecoronarybloodflowin 10%to 1570of patients,
Table4. HemorrhagicandVascularComplicationsin PatientsTreatedWithIntraaorticBalloon
Counterpulsationandin ControlSubjects
IABPGroup ControlGroup
(n= 23) (n= 22) p Value
Hemorrhage[no.(%)] 5(22) 6(27) 0.93
AHctinptswithhemorrhage(mean~ SEM) –0.12f 0.03 –0.10t 0.01 0.37
Patientswithbloodtransfusions[no.(%)] 1(4) 2(9) 0.97
Vascularcomplications[ o.(%)]
Vascularrepairofthrombectomy 1(4) o(o) 1.00
Deepvenousthrombosis o(o) o(o)
p = NSfordl comparisons,AHct= changeinkrmtocrit;LABP= intraaorticballoonCoUnterpUlsation.
.—— ———. -..
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and reocclusionoccurs in 15$%to 20% of the remaining
patients, dependingon the thrombolyticagent used (5,6).
Third,the leftventricularejectionfractionisseldomimproved
(7).Finally,it isknownthat30%to 60%of the infarctarteries
that are closed early after thrombolytictherapywill open
withinthe timewindowwithinwhichclinicalbenefitmaystill
exist,and that the residualstenosismay improvelater (the
so-calledcatch-upphenomenon)(9,10).Suchlate reperfusion
may improvesurvivalwithout the risk associatedwith the
invasiveprocedurescoupledwiththrombolytictherapy.
Roleofintraaorticballooncounterpulsation,Severalstud-
ies havedemonstratedan importantrelationbetweenhemo-
dynamicvariablesandsuccessfulthrombolysis,uggestingthat
reperfusionwiththrombolytictherapymaybe bloodpressure
dependent(11-13).In the present study,the infarct-related
arteryshowedgreaterpatency(completereperfusion)andthe
residualstenosiswas less severein the patientstreatedwith
IABPthan in the controlsubjectsat 3weeksaftermyocardial
infarction.It hasbeen notedby severalinvestigatorsthat CK
and CK-MBpeaks are not useful in distinguishingamong
groupsof patientsby TIMI perfusiongrade,but the time to
peak shortensprogressivelyfor both CK and CK-MBwith
increasingperfusiongrade(17).In the presentstudy,the time
to peak CK was significantlyshorter in the patientstreated
withIABPthan in the controlsubjects,suggestingenhanced
reperfisionby IABP,althoughwe did not performcoronary
angiographysoonafter the initiationof IABP.The effectsof
IABPon coronarybloodfloware controversial(35),but itwas
reportedthat in a caninemodelofacutemyocardialinfarction,
augmentationof diastolicarterialpressurebyIABPenhances
thrombolysis,leadingto faster reperfusion(12,13).Several
mechanismswherebyarterialbloodpressureaffectsreperfu-
sionwiththrombolytictherapyhavebeen speculated(12,13).
First,the arterialdiastolicpressure,beingthe corona~perfu-
sion pressure,directlyaffectscoronaryblood flowand the
delive~ of the thrombolyticagentsto a partiallyocclusive
thrombus.Second,dependingon its magnitude,the arterial
pressuremay exert a mechanicallydisruptiveeffecton the
thrombusby creatingdefectsin the thrombus.Finally,the
pressurewavecouldpossiblyseparatethe obstructivethrom-
busfromthe vesselwallbyvesseldistentionandfacilitatethe
ingressofthethrombolyticagent.Theselattertwomechanisms
couldincreasethe surfacearea of the thrombusavailablefor
thrombolyticagentbindingandpotentiallyfacilitatethrombol-
ysisand reperfusion.In the caninemodelof acutemyocardial
infarction,Gurbelet al. (13)and Prewittet al. (14)demon-
strated that enhancementof reperfusionby IABP was not
relatedto an increasein coronarybloodflowbut wasconsid-
ered to be due to an effectof the augmenteddiastolicblood
pressurewaveon the obstructingthrombus.It has alsobeen
reported that IABP may improvesustainedcoronaryartery
patencyand improveoverallclinicaloutcomessuch as in-
hospitalmortality,recurrent ischemiaand requirementfor
emergencyrevascularizationwithcoronaryangioplastyor by-
passsurgeryin patientswithacutemyocardiainfarction(36).
In the presentstudy,the leftventricularejectionfractionand
regionalwallmotionof the infarctsegmentat 3 weeksafter
myocardialinfarctionin the patientstreatedwithIABPwere
not differentfrom those in the controlsubjects,but the left
ventricularend-diastolicpressureat thistimewassignificantly
lowerandthe incidenceofcongestiveheartfailurewasslightly
lower. Althoughthe use of IABP in patients undergoing
emergencycardiaccatheterizationduring acute myocardial
infarctionhasbeen associatedwithboth an increasein hem-
orrhagiccomplicationsand a higherrate of vascularcompli-
cations(37,38),we foundsimilarincidence of majorhemor-
rhagiccomplicationsin the twogroups,withsimilarincidence
of bloodtransfusionsand numberof unitstransfusedand few
vascularcomplicationsoverall,with statisticallyinsignificant
differences.The present study demonstratesthe relative
benefit-riskratio of a reperfusionstrategywith IABP com-
paredwithconservativetreatmentto facilitateand sustainthe
patencyof the infarctartery.The benefitsof IABPwere not
offsetby higherrates of vascularand hemorrhagiccomplica-
tions.
Studylimitations. The relativeimprovementof patencyof
the infarct-relatedarteryin patientstreatedwithIABPmight
havebeen lessimpressiveif a standardfront-loadedregimen
hadbeenused.The degreeof aPTTprolongationcouldaffect
latepatencyof theinfarctartery;however,wedidnotmeasure
aPTTat a tied timeinterval,sowe couldnot arguethisissue
in the present study.Becausewe did not performcoronary
angiographyshortlyafter randomization,the exact time of
reperfusionwithIABPwasnotclearlydeterminedinourstudy.
The failureto showa differencein regionalwallmotion,left
ventricularejectionfraction,CKenzymereleaseor complica-
tion rates could be due to the fact that reperfusionwas
achievedlate in these patients.A larger study would be
requiredto disclosethe potentialbeneficialeffectof infarct
arterypatencyindependentof improvementin leftventricular
functionand to disclosethe relativebenefit-riskratio of a
reperfusionstrategywith IABP.We couldnot comparethe
IABPtreatmentstrategywith that of rescueangioplastybe-
causetheyare radicallydifferentstrategies.
Conclusions. These findingssuggestthat careful use of
IABPcanbe onemethodof improvingthe latepatencyof the
occludedcoronaryartery in patients with early failure of
thrombolytictherapy.
References
1. StampferMJ,GoldhaberSZ,YuscrfS, PetoR, HermekensCH.Effectof
intravenoustreptokinaseon acute myocardialinfarction:pooledresults
fromrandomizedtrials.N EnglJ Med1982;307:1180-2.
2. GruppoItalianoper 10StudiodellaStreptochinasinell’InfartoMiocardico
(GISSI).Effectivenessofintravenousthrombolytictreatmentin acutemyo-
cardialinfarction.Lancet1986;1:397-402.
3. SecondInternationalStudyof InfarctSurvivalCollaborativeGroup.Ran-
domizedtrial of intravenoustreptokinase,oral aspirin,both or neither
among17,187casesofsuspectedacutemyocardialinfarction:1S1S-2,Lancet
1988;2:349-60.
4. NorrisRM.An overviewof trials establishingthat thrombolytictherapy
improvesoutcomein patientswith acute myocardialinfarction.Coron
ArteryDis1992;3:96-102.
5. KorenG, WeissAT,HasinY, et al. Preventionof myocardialdamagein
JACC Vol. 28, No. 4
October 1996:876-81
KONO ET AL. 881
AORTICOUNTERPULSATIONOFOCCLUDEDCORONARYARTERY
acute myocardialischemiaby early treatment with intravenousstreptoki-
nase. N EnglJ Med1985;313:1384-9.
6. DewoodMA SporesJ, NotskeR, et al. Prevalenceof total coronary
occlusionduringtheearlyhoursoftransmuralmyocardialinfarction.NEngl
J Med1980;303:897-902.
7. CaliffRM, TopolEJ, StackRS, et al., for the TAMIStudyGroup.
Evaluationof combinationthrombolytictherapyand timingof cardiac
catheterizationin acutemyocardialinfarction.ResultsofThrombolysisand
AngioplastyinMyocardialInfarction-Phase5RandomizedTrial.Circulation
1991;83:1543-56.
8. CaliffRM, TopolEJ, GeorgeBS, et al. for the TAMIStudyGroup.
Characteristicsandoutcomeofpatientsinwhomreperfusionwithintrave-
noustissue-typeplasminogenactivatorfails:resultsoftheTbrombolysisand
Angioplastyin MyocardialInfarction(TAMI)I trial.Circulation1988;77:
1090-9.
9. AbbottsmithCW,TopolEJ, GeorgeBS,et al. Fateof patientswithacute
myocardiafinfarctionwithpatencyoftheinfarct-relatedvesselachievedwith
successfulthrombolysisversusrescueangioplasty.J AmCullCardiol1990;
16:770-8.
10.PRIMITrialStudyGroup.Randomizedouble-blindtrialof recombinant
prourokinaseagainststreptokinasein acutemyocardialinfarction.Lancet
1989;1:863-7.
11.NeufrausKL,vonEssenR,TebbeU,et al.Improvedtbrombolysisn acute
myocardialinfarctionwithfront-loadedadministrationof alteplase:results
ofthert-PAAPSACpatencystudy(TAPS).J AmCoilCardiol1992;19:885-
91.
12.BatesER,TopolEJ.Limitationsofthrombolytictherapyforacutemyocar-
dial infarctioncomplicatedby congestiveheart failureand cardiogerric
shock.J AmCoilCardiol1991;18:1077-84.
13.GurbelPA,AndersonD, MacCordCS,et al. Arterialdiastolicpressure
augmentationbyintra-aorticballooncounterpulsationenhancestheonsetof
coronaryarteryreperfusionby thrombolytictherapy.Circulation1994;89:
361-5.
14.PrewittRM,GuS,SchickU, DucasJ. Intraaorticbaflooncounterpulsation
enhancescoronarythrombolysisnducedbyintravenousadministrationofa
thrombolyticagent.J AmCoilCardiol1994;23:794-8.
15.VogtAvonEssenR,TebbeU,FeuererW,AppelK-F,NeuhausKL.Impact
ofearlyperfusionstatusoftheinfarct-relatedarteryonshort-termmortali~
afterthrombolysisforacutemyocardialinfarction:retrospectiveanalysisof
fourGermanmtdticenterstudies.J AmCoilCardiol1993;21:1391-5.
16.The GUSTOInvestigators.An internationalrandomizedtrial comparing
17.
18.
19,
20,
21.
thrombolyticstrategiesfor acute myocardialinfarction.N EnglJ Med
1993;329:673-82.
KaragounisL,SorensenSG,MenloveRL,MorenoF,AndersonJL,forthe
TEAM-2Investigators.Doesthrombolysisn myocardialinfarction(TIMI)
perfusiongrade2 representa mostlypatentarteryor a mostlyoccluded
artery?Enzymaticand electrocardiographicevidencefromthe TEAM-2
study.J AmCoilCardiol1992;19:1-10.
AndersonJL,KaragounisLA,BeckerLC,SorensenSG,MenloveRL,for
theTEAM-3Investigators.TIMIperfusiongrade3butnotgrade2resultsin
improvedoutcomeafterthrombolysisformyocardialinfarction.Ventricrdo-
graphic,enzymatic,and electrocardiographicevidencefromthe TEAM-3
study.Circulation1993;87:1829-39.
TheTIMIStudyGroup.Thethrombolysisn myocardialinfarction(TIMI)
trial.N EnglJ Med1985;312:932-6.
CheseboroJH,KnatterudG,RobertsR, et al.‘1’hrombolysisin Myocardial
Infarction(TIMI)trial,phaseI: a comparisonbetweenintravenoustissue
plasminogenactivatorand intravenoustreptokinase.Circulation1987;76:
142-54.
OnakaH,HirotaY,KitaY,et al.Theeffectofpravastatinonpreventionof
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
restenosisaftermccessti percutaneoustransluminalcoronaryangioplasty.
JpnCircJ 1994;58:100-6.
DodgeHT,SandierH,BaxleyWA HawleyRR.Usefulnessandlimitations
of radiographicmethodsfor determiningleft ventricularvolume.Am J
Cardiol1966;18:10-24.
SheehanFH, BolsonEL,DodgeHT, MatheyDG, SchoferJ, WooHW.
Advantagesand applicationsof the centerlinemethodfor characterizing
regiomdventricularfunction.Circulation1986;74:293-305.
DaviesMJ,ThomasAC.Plaquefissuring:the causeof acutemyocardial
infarction,suddenischaemicdeath, and crescendoangina.Br Heart J
1985;53:363-73.
KennedyJW,RitchieJL,DavisKB,FritzJK.WesternWashingtonrandom-
ized trial of intracoronarystreptokinasein acute myocardialinfarction.
N EnglJ Med1983;309:1477-82.
KennedyJW,RitchieJL,DavisKB,StadiusML,MaynardC,FritzJK The
WesternWashingtonrandomizedtrial of intracoronarvstreDtoldrrasein
acutemyocardialinfarction:a 12-monthfollow-uprep&t.N‘EnglJ Med
1985;312:1073-8.
StadiusML,DavisL MaynardC,RitchieJL,KennedyJW.Riskstratifica-
tion for one-yearsuMvafbasedon characteristicsidentifiedin the early
hoursofacutemyocardialinfarction:theWesternWashingtonintracoronary
streptokinasetrial.Circulation1986;74:703-11.
JeremyRW,HackWorthyRA,BautovichG, HuttonBF,HarrisPJ. Infarct
arteryperfusionandchangesin leftventricularvolumein the monthafter
acutemyocardialinfarction.J AmColfCardiol1987;9:989-95.
KersschotIE,BmgadaP,RamentolM,et al.Effectsofearlyreperfusionin
acutemyocardialinfarctiononarrhythmiasinducedbyprogrammedstimu-
lation:a prospective,randomizedstudy.J AmCoilCardiol1986;7:1234-42.
BraunwaldE.Myocardialreperfusion,limitationofinfarctsize,reductionof
leftventriculardysfunction,andimprovedsurvival.Shouldtheparadigmbe
expanded?Circulation1989;79:441-4.
CaliffRM,TopolEJ,GershBJ.Frommyocardiafsalvageto patientsalvage
in acutemyocardialinfarction:the roleof repertirsiontherapy.J AmCoil
Cardiol1989;14:1382-8.
GangES,LewAS,HongM, WangFZ, LiebertCA,Peter T. Decreased
incidenceofventricularlatepotentialaftersuccessfulthrombolysisforacute
myocardialinfarction.N EnglJ Med1989;321:712-6.
AndersonJL.Thrombolysisforacutemyocardialinfarction:makingsenseof
theclinicaltrialsdata.J InterVentCardiol1992;5:127-36.
EllisSG,daSilvaER,HeyndrickxG,et al.,fortheRESCUEInvestigators.
Randomizedcomparisonof rescueangioplastywithconservativemanage-
ment of patientswith early faihrreof thrombolysisfor acute anterior
myocardiafinfarction.Circulation1994;90:2280-4.
35.KernMJ,AguirreF,BachR,DonohueT,SiegelR,SegalJ. Augmentation
of coronarybloodflowby intra-aorticbaffoonpumpingin patientsafter
coronaryangioplasty.Circrdation1993;87:500-11.
36.OfrrnanEM,GeorgeBS,WhiteCJ,et al.,for the randomizedL4BPStudy
Group.Useofaorticcounterpulsationto improvesustainedcoronawarterv
patencyduringacutemyocardialinfarction~Resultsof a randomiz~dtri~.
Circulation1994;90:792-9.
37.OhmanEM, CaliffRM, GeorgeBS, et aL, and the Thrombolysisand
Angioplastyin MyocardialInfarction(TAMI)StudyGroup.The use of
intraaorticballoonpumpingas an adjunctto reperfusiontherapyin acute
myocardialinfarction.AmHeartJ 1991;121:895-901.
38.CaliffRM, TopolEJ, GeorgeBS,et al., and the TAMIStudyGroup.
Hemorrhagicomplicationsassociatedwiththe use of intravenoustissue
plasminogenactivatorin treatmentof acutemyocardialinfarction.AmJ
Med1988;85:353-9.
———
